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Supplementary Methods
1. Details of the global-scale kilometer-order simulation

Global aerosol transport simulations were conducted using the Non-hydrostatic
Icosahedral Atmospheric Model (NICAM)' coupled with the aerosol module; Spectral
Radiation-Transport Model for Aerosol Species (SPRINTARS)>. The model solves fully
compressible and non-hydrostatic equations. For spatial discretization, the finite volume
method was applied. An icosahedral grid system, and a terrain-following grid system with 38
vertical layers were adopted. The layer thickness was gradually increased from 80 m near the
surface to 5000 m at 38 km (the model top). The atmosphere below 2 km was covered by 10
layers. Experiments were conducted with three horizontal grid resolutions: 3.5, 14, and 56 km.
A Mellor-Yamada-type turbulence scheme’, a k-distribution radiation scheme (MSTRN-X") |
a Louis-type scheme for surface flux’, MATSIRO land surface scheme®, and a slab ocean
model” were also used. Cloud microphysical processes were calculated by a single moment
bulk microphysical scheme®, whose autoconversion and accretion rate were affected by
aerosol number concentrations in simulations at 3.5- and 14-km resolution (without cumulus
parameterization). Large-scale condensation’ and cumulus parameterization'® were used for

the simulation at 56-km resolution.

The source and sink processes of BCA were calculated based on SPRINTARS. The
source processes included re-emissions from the evaporation of clouds and emissions from
the burning of biomass, agricultural waste, and fossil fuels. The sink processes were
gravitational settling, scavenging by clouds and raindrops (wet deposition), and dry
deposition. Emission inventories of BCA, organic carbon (OC), and SO, from anthropogenic
sources were provided by the Hemispheric Transport of Air Pollution Phase 2 (HTAP v2)'!,
and the emissions from biomass burning were based on the Global Fire Emissions Database,

version 3 (GFEDv3)'*". Terpene and isoprene, which are precursor gases for secondary
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organic aerosols based on Global Emissions InitiAtive (GEIA)'* were included in the
simulation. Prescribed monthly oxidants (OH radicals, ozone, and H,O,), which are required
for chemical reactions involving sulfate, were obtained from the results of the GCM?* An

. . . . . 2
emission inventory of SO, from volcanic sources was obtained from a previous study”.

The initial dynamics and sea surface temperatures (SSTs) were derived from the
National Center for Environmental Prediction Final Analysis (NCEP-FNL)" data. Sea ice
mass was derived from the 1979-1999 monthly climatology as a previous study'®. To derive
the initial condition of the aerosols, we first conducted a 2-year simulation using a 56-km
horizontal resolution based on the initial atmospheric and SST conditions with no initial

aerosol.

Numerical integrations were conducted for 14 days from 2011111700UTC to
2011120100UTC with time steps (At) of 15, 60, and 240 s for resolutions of 3.5, 14, and 56

km, respectively. The calculations were conducted using 20,480 nodes of the K computer.

2. Method to calculate the mass flux and to extract lows and frontal systems

The upward mass flux of BCA (Fjcl.p) and northward mass flux of BCA (Fc|son)

across 60°N at each layer is given as
Fpclup = p max(w,0) gac(x,y,2),
and
Fsclson = p max(v,0) gpc(x,y=60°N,z),

where p, v, w, gsc, X, and z represent the density, meridional wind, vertical wind,
mixing ratio of BCA, longitude, and height, respectively. The vertically integrated mass flux

of BCA is given by
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FBC|60N = ZZ[pmax(v,O)qBC (x,y = 60"N,z)]AxAz

b

where Ax and Az represent the zonal grid spacing and layer thickness, respectively.

The temporal interval of the model output was 3 h.

Lows and frontal systems were extracted to estimate their contribution to BCA
transport; they were determined following a previously reported method'’, which was based
on column accumulated liquid water mass (liquid water path), a thermal front parameter, and

sea level pressure.

3. Surface observation data

The observational data shown in Fig. 5 were obtained from the Interagency
Monitoring of Protected Visual Environment IMPROVE) website
(http://vista.cira.colostate.edu/improve/Data/data.htm), China Atmosphere Watch Network
(CAWNET)'®, Canadian Aerosol Baseline Measurement website (CABM:
http://www.ec.gc.ca/natchem/default.asp?lang=En&n=0AC1992C-1), and European

Supersites for Atmospheric Aerosol Research website (EUSAAR: http://www.eusaar.net/).

4. Global distribution of clouds and aerosols simulated by the global aerosol transport

model with a Kilometer-order resolution

In this section, we demonstrate the validity of our method using 3.5-km simulations.
The validity was confirmed through comparisons between the model and satellite
observations. Because the aerosol process is closely related to clouds, we confirmed the
validity of both aerosols and clouds simulated by the model. The optical thickness of clouds

and the effective radii of cloud droplets derived from the radiance data obtained by the



86  Moderate Resolution Imaging Spectroradiometer (MODIS)-Aqua satellite using the
87  Comprehensive Analysis Program for Cloud Optical Measurement (CAPCOM)'*-*%!
88  algorithm, and aerosol optical thickness of Level 2 products of MODIS (MOD04 L.2;
89  http://modis-atmos.gsfc.nasa.gov/MODO04 [.2/index.html) were used as the observational

90  data.

91 Figure S1 shows the global distribution of retrieved and simulated optical thicknesses
92 of clouds, effective radii of droplets, and optical thicknesses of aerosols. The model
93 successfully reproduced the global distribution of cloud and aerosol properties. The contrast

94  in effective radii between continents and oceans>"?%*>**

and optically thick cloud over

95 heavily polluted regions> (East Asia, North America, and Europe) were well reproduced.

96  The effective radii of droplets in the southern Pacific and southern Indian Ocean were

97  overestimated in the model, due to uncertainties in the diagnostic equation. Except for this
98  overestimation, cloud properties were well reproduced by the model at a 3.5-km grid

99  resolution. Aerosol fields were also well reproduced by the model. These results confirm the

100 validity of the model.

101
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Figure S1: Global distribution of (a, d) cloud optical thicknesses, (b, e) effective radii of
cloud droplets at the top of the cloud, (c, f) aerosol optical depths (a—c) retrieved from the
Moderate Resolution Imaging Spectroradiometer (MODIS) satellite, and (d—f) simulations of
Non-hydrostatic Icosahedral Atmospheric Model — Spectral Radiation-Transport Model for
Aerosol Species (NICAM-SPRINTARS) at 3.5-km resolution. The satellite-derived values
were averaged for November 2011, and the model-derived values were averaged over the
final 10 days of the simulation. The effective radii of cloud droplets by MODIS were
retrieved based on a radiance of 3.7 um, and the effective radii of cloud droplets derived by
the model were calculated from an equation used in a previous study”®. We used the model-
derived effective radii of cloud droplets at the top of the cloud because values retrieved from
3.7-um radiance appeared to be those of the optically thin layer*”**. The mapping of the

figures was created by using the Grid Analysis and Display System (GrADS)* version 2.1.al.
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